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GLYPHOSATE
Common Trade Name(s): Roundup, Glyphosate VMF Round Up Pro, Rodeo, Accord, Accord
Concentrate,
Chemical Name: N—(phosphonomethy! )glycine—isopropylamine salt
CASNo.: 1071-83-6

GENERAL INFORMATION

Glyphosate, n-phosphonomethyl glycine, is a systemic, broad spectrum herbicide effective against most
plant species, including deep rooted perennial species, annual and biennial species of grasses, sedges,
and broadleafed weeds. The major pathway for uptake in plants is through the foliage, however, some
root uptake may occur. The presence of surfactants and humidity increases the rate of absorption of
glyphosate by plants (15).

Foliarly applied glyphosate is readily absorbed and translocated from treated areas to untreated shoot
regions. The mechanism of herbicidal action for glyphosate is believed to be inhibition of amino acid
biosynthesis resulting in areduction of protein synthesis and inhibition of growth (10, 15, 101).

Glyphosate is generally formulated as the isopropylamine salt in agqueous solution (122). Of the three
products containing glyphosate considered here, Roundup is sold with a surfactant and Rodeo and
Accord are mixed with surfactants prior to use (15). Glyphosate has been reviewed by US Forest
Service (15), FAO (122), and EPA 00W (51).

ENVIRONMENTAL FATE

Mobility

Glyphosate isrelatively immobile in most soil environments as a result of its strong adsorption to soil
particles. Adsorption to soil particles and organic matter begins almost immediately after application.
Binding occurs with particular rapidity to clays and organic matter (15). Clays and organic matter
saturated with iron and aluminum (such as in the Northeast) tend to absorb more glyphosate than those
saturated with sodium or calcium. The soil phosphate level isthe main determinant of the amount of
glyphosate adsorbed to soil particles. Soils which are low in phosphates will adsorb higher levels of
glyphosate (14, 15).

Glyphosate is classified as immobile by the Helling and Turner classification system. In soil column
leaching studies using aged (1 month) Glyphosate, leaching of glyphosate was said to be insignificant
after 0.5 inches of water per day for 45 days (14).
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Persistence

It has been reported that glyphosate dissipates relatively rapidly when applied to most soils (14).
However, studies indicate that the soil half-life is variable and dependent upon soil factors. The half-life
of glyphosate in greenhouse studies when applied to silty clay loam, silt loam, and sandy loam at rates
of 4 and 8 ppm was 3, 27 and 130 days respectively, independent of application rate (14). An average
half-life of 2 months has been reported in field studies for 11 soils (15).

Glyphosate is mainly degraded biologically by soil micro-organisms and has a minimal effect on soil
microflora (15). In the soil environment, glyphosate is resistant to chemical degradation such as
hydrolysis and is stable to sunlight (15). The primary metabolite of glyphosate is aminomethy!|
phosphonic acid (AMPA) which has a slower degradation rate than glyphosate (15). The persistence of
AMPA is reported to be longer than glyphosate, possibly due to tighter binding to soil (14). No dataare
available on the toxicity of this compound.

Glyphosate degradation by microorganisms has been widely tested in a variety of field and laboratory
studies. Soil characteristics used in these studies have included organic contents, soil types and pHs
similar to those that occur in Massachusetts (117).

Glyphosate degradation rates vary considerably across awide variety of soil types. The rate of
degradation is correlated with microbial activity of the soils and does not appear to be largely dependent
on soil pH or organic content (117). While degradation rates are likely temperature dependent, most
reviews of studies do not report or discuss the dependence of degradation rate on temperature. Mueller
et a. (1981 cited in 117) noted that glyphosate degraded in Finnish agricultural soils (loam and fine silt
soils) over the winter months; afact which indicates that degradation would likely take placein similar
soilsin the cool Massachusetts climate. Glyphosate halflives for laboratory experiments on sandy |loam
and loamy sand, which are common in Massachusetts, range up to 175 days (117). The generalizations
noted for the body of available results are sufficiently robust to incorporate conditions and results
applicable to glyphosate use in Massachusetts.

TOXICITY REVIEW

Acute (Mammalian)

Glyphosate has reported oral LD50s of 4,320 and 5,600 mg/kg in male and female rats (15,4). The oral
LD50s of the two major glyphosate products Rodeo and Roundup are 5,000 and 5,400 mg/kg in the rat
(15).

A dermal LD50 of 7,940 mg/kg has been determined in rabbits (15,4). There are reports of mild
dermal irritation in rabbits (6), moderate eye irritation in rabbits (7), and possible phototoxicity in
humans (9). The product involved in the phototoxicity study was Tumbleweed marketed by Murphys
Limited UK (9). Maibach (1986) investigated the irritant and the photo irritant responsesin individuals
exposed to Roundup (41% glyphosate, water, and surfactant); Pinesol liquid, Johnson Baby Shampoo,
and Ivory Liquid dishwashing detergent. The conclusion drawn was that glyphosate has less irritant
potential than the Pinesol or the Ivory dishwashing liquid (120).

Metabolism
Elimination of glyphosate is rapid and very little of the material is metabolized (6,106).

Subchronic/Chronic Studies (Mammalian)

In subchronic tests, glyphosate was administered in the diet to dogs and rats at 200, 600, and 2,000 ppm
for 90 days. A variety of toxicological endpoints were evaluated with no significant abnormalities
reported (15,10).

In other subchronic tests, rats received 0, 1,000, 5,000, or 20,000 ppm (57, 286, 1143 mg/kg) in the diet
for 3 months. The no observable adverse effect level (NOAEL) was 20,000 ppm (1,143 mg/kg) (115).
In the one year oral dog study, dogs received 20, 100, and 500 mg/kg/day. The no observable effect
level (NOEL) was 500 mg/kg (116).

Oncogenicity Studies
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Several chronic carcinogenicity studies have been reported for glyphosate including an 18 month,
mouse study; and atwo year rat study. In the rat study, the animals received 0, 30, 100 or 300 ppm in
their diet for 2 years. EPA has determined that the doses in the rat study do not reach the maximum
tolerated dose (112) and replacement studies are underway with a high dose of 20,000 ppm (123). The
mice received 1000, 5000 or 30,000 ppm for 18 months in their diets. These studies were non-positive
(112,109). There was a non-statistically significant increase in arare renal tumor (renal tubular

adenoma (benign) in male mice (109). The rat chronic study needs to be redone with a high dose to fill a
partial data gap (112). The EPA weight of evidence classification would be D: not classified (51).

Mutagenicity Testing

Glyphosate has been tested in many short term mutagenicity tests. These include 7 bacterial (including
Salmonella typhimurim and B. subtilis) and 1 yeast strain Sacchomyces cerevisiae as well as a mouse
dominant lethal test and sister chromatid exchange. The microbial tests were negative up to 2,000
mg/plate (15), as were the mouse dominant lethal and the Chinese hamster ovary cell tests. EPA
considers the mutagenicity requirements for glyphosate to be complete in the Guidance for the
Registration of Pesticide Products containing glyphosate (112).

The developmental studies that have been done using glyphosate include teratogenicity studiesin the rat
and rabbit, three generation reproduction studies in the rat, and a reproduction study in the deer mouse.
(15)

Rats were exposed to levels of up to 3,500 mg/kg/d in one rat teratology study. There were no
teratogenic effects at 3,500 mg/kg/d and the fetotoxicity NOEL was 1,000 mg/kg/d. In the rabbit study a
fetotoxicity NOEL was determined at 175 mg/kg/d and no teratogenic effects were observed at 10 or 30
mg/kg/d in one study and 350 mg/kg/d in the other study (15). No effects were observed in the deer
mouse collected from conifer forest sprayed at 2 Ibs active ingredient per acre (15).

Tolerances & Guidelines
EPA has established tolerances for glyphosate residuesin at least 75 agricultural products ranging from
0.1 ppm (most vegetables) to 200 ppm for animal feed commodities such as afalfa (8).

U.S. EPA Office of Drinking Water has released draft Health Advisories for Glyphosate of 17.50 mg/L
(ten day) and 0.70 mg/L (Lifetime)(51).

Avian

Two types of avian toxicity studies have been done with glyphosate: ingestion in adults and exposure of
the eggs. The species used in the ingestion studies were the mallard duck, bobwhite quail, and the adult
hen (chickens). The 8 day feeding LC50s in the mallard and bobwhite are both greater than 4,640 ppm.
In the hen study, 1,250 mg/kg was administered twice daily for 3 days resulting in atotal dose of 15,000
mg/kg. No behavioral or microscopic changes were observed (15).

Invertebrates

A variety of invertebrates (mostly arthropods) and microorganisms from freshwater, marine, and
terrestrial ecosystems have been studied for acute toxic effects of technical glyphosate aswell as
formulated Roundup. The increased toxicity of Roundup compared with technical glyphosate in some
studies indicates that it is the surfactant (MONO 818) in Roundup that is the primary toxic agent (117).
Acute toxicity information may be summarized as follows:

Glyphosate (technical):  Acute toxicity ranges from a 48 hr EC50 for midge larvae of 55 mg/L to a
96 hr TL50 for the fiddler crab of 934 mg/L (15).

Roundup: Acute toxicity ranges from a 48 hr EC50 for Daphnia of 3 mg/L to a95 hr LC50 for
crayfish of 1000 mg/L (15).

Among the insects tested, the LD50 for honeybees was 100 mg/bee 48 hours after either ingestion, or

topical application of technical glyphosate and Roundup. This level of experimental exposureis
considerably in excess of exposure levels that would occur during normal field applications (15).
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Aquatic Species (Fish)

Technical glyphosate and the formulation Roundup have been tested on various fish species.
Roundup is more toxic than glyphosate, and it is the surfactant that is considered to be the primary
toxic agent in Roundup:

Glyphosate (technical):
Acute 96 hr LC50s range from 24 mg/L for bluegill (Dynamic test) to 168 mg/L for the
harlequin fish (15).

Roundup:  Acute lethal toxicity values range from a 96 hr LC50 for the fathead minnow of
2.3 mg/L to a96 hr TL50 for rainbow trout of 48 mg/L (15).

Tests with Roundup show that the egg stage is the least sensitive fish life stage. The toxicity increases as the
fish enter the sac fry and early swim up stages.

Higher test temperatures increased the toxicity of Roundup to fish, as did higher pH (up to pH 7.5). Above
pH 7.5, no change in toxicity is observed.

Glyphosate alone is considered to be only slightly acutely toxic to fish species (L C50s greater than 10
mg/L), whereas Roundup is considered to be toxic to some species of fish, having LC50s generally lower
than 10 mg/L (15,118).

SUMMARY

Glyphosate when used as recommended by the manufacturer, is unlikely to enter watercourses through run-
off or leaching following terrestrial application (117). Toxic levels are therefore unlikely to occur in water
bodies with normal application rates and practices (118).

Glyphosate has oral LD50s of 4,320 and 5,600 in male and femal e rats respectively. The elimination is rapid
and very little of it is metabolized. The NOAEL in rats was 20,000 ppm and 500 mg/kg/d in dogs. No
teratogenic effect was observed at doses up to 3,500 mg/kg/d and the fetotoxicity NOEL S were 1,000
mg/kg/d in the rat and 175 mg/kg/d in the rabbit.

The evidence of oncogenicity in animalsisjudged asinsufficient at this time to permit classification of the
carcinogenic potential of glyphosate. The compound is not mutagenic.
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